We present ∼100 pc resolution Hubble Space Telescope Hα images of 10 galaxies from the DYnamics of Newly-Assembled Massive Objects (DYNAMO) survey of lowz turbulent disk galaxies, and use these to undertake the first detailed systematic study of the effects of resolution and clump clustering on observations of clumps in turbulent disks. In the DYNAMO-HST sample we measure clump diameters spanning the range d clump ∼ 100 − 800 pc, and individual clump star formation rates as high as ∼ 5 M ⊙ yr −1 . DYNAMO clumps have very high SFR surface densities, Σ S FR ∼ 1−15 M ⊙ yr −1 kpc −2 , ∼ 100× higher than in Hii regions of nearby spirals. Indeed, SFR surface density provides a simple dividing line between massive star forming clumps and local star forming regions, where massive star forming clumps have Σ S FR > 0.5 M ⊙ yr −1 kpc −2 . When degraded to match the observations of galaxies in z ∼ 1 − 3 surveys, DYNAMO galaxies are similar in morphology and measured clump properties to clumpy galaxies observed in the high-z Universe. Emission peaks in the simulated high-redshift maps typically correspond to multiple clumps in full resolution images. This clustering of clumps systematically increases the apparent size and SFR of clumps in 1 kpc resolution maps, and decreases the measured SFR surface density of clumps by as much as a factor of 20×. From these results we can infer that clump clustering is likely to strongly effect the measured properties of clumps in high-z galaxies, which commonly have kiloparsec scale resolution.
INTRODUCTION
Early Hubble Deep Field observations showed that the morphologies of typical galaxies in the distant Universe (z 1) are more irregular than those of local galaxies (Abraham et al. 1996; Conselice et al. ⋆ email:dfisher@swin.edu.au 2000; . Subsequent work (e.g. Swinbank et al. 2009; Genzel et al. 2011 ) has shown that a large fraction of these so-called "clumpy" galaxies are star-forming systems, with extremely high gas fractions (Daddi et al. 2010; Tacconi et al. 2013) . The clumps themselves correspond to very young stellar populations with extremely high densities of star formation. Typical clump masses are ∼ 10 9 M ⊙ Swinbank et al. 2009; Genzel et al. 2011; Wisnioski et al. 2012 ) with star formation rates up to ∼ 10 M ⊙ yr −1 per clump. The masses and star formation rates of these clumps are much larger than those of local star-forming complexes.
One clue to the nature of clumpy galaxies is that a large fraction of these systems exhibit a dynamical structure consistent with that of rotating disks whose gaseous content is turbulent (eg. Förster Schreiber et al. 2009; Wuyts et al. 2012; Wisnioski et al. 2011 ). These two ingredients can lead to large and vigorously star-forming clumps as the product of dynamical instabilities: the high gas dispersions generate large Jeans lengths (e.g. Dekel et al. 2009; Bournaud et al. 2014) , while large gas fractions fuel very active star formation.
Our ability to test this model is limited by the fact that observations of star forming regions in high-redshift clumpy galaxies (using either adaptive optics or the Hubble Space Telescope) are typically limited to resolutions of ∼ 1 kpc in the rest frame (e.g. Förster Schreiber et al. 2011a,b; Wuyts et al. 2013) , which may be subject to systematic effects of resolution. Simulations with higher resolution predict that clumps viewed at kiloparsec resolution likely are likely composed of several smaller structures, whose sizes are still larger than the Jeans length for the simulated disk (Behrendt et al. 2015) . Observationally, finer resolution can be achieved by targetting gravitationally lensed systems (e.g. Jones et al. 2010; Livermore et al. 2012 Livermore et al. , 2015 Hodge et al. 2012) , though uncertainties in lens models limit our ability to interpret these observations. (For example, strong magnification is only achieved in a single direction, namely along the critical curve). Furthermore, it is difficult to construct well-defined samples of lensed galaxies. In general, lensed samples are biased to galaxies with smaller masses and lower star formation rates (e.g. Livermore et al. 2012 Livermore et al. , 2015 .
Clumpy disks were common at redshifts z ∼ 1 − 3 (Guo et al. 2015, and references therein) . This redshift range corresponds to the epoch at which the co-moving star formation rate density in the Universe was at its peak (Hopkins & Beacom 2006; Madau & Dickinson 2014) . Therefore, during the main epoch of massive galaxy building, star formation was occurring in a manner that is not well-represented by the modes of star formation seen in nearby galaxies. Not well-represented does not necessarily mean completely absent, however, and there is thus considerable interest in identifying samples of rare local galaxies whose properties are similar to those of high redshift turbulent disks. Such systems can be studied at resolutions higher than the ∼ 1 kpc rest-frame limit that limits most high-redshift observations.
For example, galaxies selected by rest-frame UV brightness and compactness, so-called 'Lyman Break Analogue' galaxies (LBA), have some properties similar to z > 1 galaxies (Heckman et al. 2005) . Recently, Overzier et al. (2009) studied the properties star forming clumps in a sample of LBAs at z ∼ 0.2 − 0.3, finding clump sizes of ∼ 100 pc. However, based on both spatially resolved kinematics (Basu-Zych et al. 2009 ) and HST morphologies (Overzier et al. 2008) , the vast majority of LBAs resemble the compact dispersion-dominated high-z galaxies found in samples such as that of Law et al. (2009) , rather than the turbulent disk systems identified in Förster Schreiber et al.
(2009), Genzel et al. (2011), and Wisnioski et al. (2011) . Even if dispersion-dominated systems are disks, they are much more compact that typical massive disks at z ∼ 1 − 3 Law et al. (2009) . Compact dispersion-dominated systems exhibit star formation that is often driven by ongoing major mergers (Basu-Zych et al. 2009 ), and it is not obvious that the clumps in LBA galaxies will resemble the clumps in turbulent disks observed at z ∼ 1 − 3.
Recently, Green et al. (2010) report the discovery of a sample of galaxies at z ∼ 0.1 whose properties closely match those of high redshift, turbulent, clumpy disk galaxies. Galaxies in the DYNAMO (DYnamics of Newly-Assembled Massive Objects) sample have high gas fractions of f gas ∼ 20 − 40% (Fisher et al. 2014) and Hα velocity dispersions 30-80 km s −1 (Green et al. 2010 (Green et al. , 2013 Bassett et al. 2014) similar to those of high-redshift turbulent disks. If DYNAMO galaxies do indeed provide local analogs to the high-z systems, then a number of interesting general conclusions about turbulent disks can be drawn from investigations of these local samples. For example, Obreschkow et al. (2015) shows that the specific angular momentum of turbulent disks is lower than in low-z disks of similar mass, suggesting that angular momenta may play an important role in driving dynamical instabilities. Similarly, Bassett et al. (2014) uses DYNAMO galaxies to measure absorption line kinematics in clumpy disks, showing that the kinematical properties of the stars in these galaxies are similar to the kinematical properties of the gas.
In the present paper we report on the properties of massive star forming clumps in 10 DYNAMO galaxies at z ∼ 0.1 using new Hubble Space Telescope Hα observations. We will compare DYNAMO galaxy morphology to that of high redshift galaxies, in effort to show that resolution degraded images appear similar to high-z galaxies. We then inveistigate the size, luminosity and surface density of clump in DYNAMO maps. We use clump measurements in full, and resolution degraded images to make quantitative tests on the effects of resolution in clumpy galaxies. Throughout this paper, we assume a concordance cosmology with H 0 = 67 km s −1 Mpc −1 , Ω M = 0.31, and Ω Λ = 0.69.
SAMPLE

DYNAMO Survey
Targets for the present investigation were chosen from the DYNAMO sample which is described in detail in Green et al. (2014) .
DYNAMO galaxies were selected from the Sloan Digital Sky Survey (SDSS) DR4 (Adelman-McCarthy & et al. 2006) . Global physical properties for the DYNAMO sample were taken from the JHU-Garching Value Added Catalogues (Brinchmann et al. 2004; Kauffmann et al. 2003; Tremonti et al. 2004) , and the sample consists of star forming galaxies that do not show signs of significant active nuclei, based on the BPT diagram. Galaxies were chosen to lie within two redshift windows (centered at z ∼ 0.075 and z ∼ 0.13 ) to avoid atmospheric absorption at the wavelength of redshifted Hα. Green et al. (2014) , methods for determining these properties is described there.
b Errors on σ m (Hα) range 1-3 km s −1 c Classification of "disks" and "mergers", is done using both kinematics and stellar surface brightness profiles for all DYNAMO-HST galaxies, we discuss this in the Appendix. Figure 1 . DYNAMO galaxy star formation rates and stellar masses are compared to other samples of clumpy galaxies. Grey squares represent the full DYNAMO survey (Green et al. 2013) , and red squares represent the subset studied in this paper. The solid lines represent the main sequence of star formation for z = 0.1, 1.0, 2.5 (from bottom to top) taken from the analytic fitting function of Whitaker et al. (2012) . The ratio of stellar mass-tostar formation in DYNAMO galaxies is very similar to many of those galaxies in which clumps have previously studied, and it is clear that DYNAMO galaxies are very similar to z ∼ 1 main sequence galaxies. Details of the comparison galaxy samples are described in the Appendix.
DYNAMO-HST
In this paper we investigate the properties of a sub-sample of DYNAMO galaxies imaged with the Hubble Space Telescope. This sub-sample (hereafter referred to as DYNAMO-HST) were chosen to be extremely bright in Hα luminosity: L Hα > 10 41.5 erg s −1 in an SDSS fiber, with cor- Figure 2 . The galaxy star formation rate surface densitty (Σ S FR ) is plotted against redshift for the galaxies from Fig. 1 . The symbols are the same as in Fig. 1 . The star formation rate surface densities of DYNAMO-HST galaxies are similar to that of clumpy galaxies ranging z∼ 1.0 − 2.2. The star formation rate surface density for local spirals M83 & M51, as well as the Antennae system are significantly lower than both DYNAMO galaxies and highredshift galaxies.
responding star formation rates of ∼10 -40 M ⊙ yr −1 . The Hα luminosity cut is chose to match luminosities in of Förster Schreiber et al. (2009); Law et al. (2009); Epinat et al. (2009) . All DYNAMO-HST galaxies were initially selected to have rotating, disk-like kinematics in Green et al. (2014) , as indicated by significant velocity gradients, and large gas velocity dispersions in the outer disk, σ Hα ∼ 30 − 80 km s −1 (measured with integral field spectroscopy by Green et al. 2013 ). Subsequent analysis with higher resolution data and complimentary surface photom- . Also the galaxy name, total star formation rate, σ/V and optical morphological classification is listed on the far right. A white line is plotted in each panel indicating 1 kpc. The DYNAMO sample shows clumpy structures on the scale of a few hundred parsecs. We show the same brightness scale for all maps to emphasize the stark difference in clump prominence between the star forming turbulent disks and the two galaxies with properties more like local spirals (eg. A04-3). Clumps become less prominant with decreasing velocity dispersion and decreasing star formation rate. [NII] maps for the DYNAMO sample galaxies are shown here. Left column shows full resolution maps. The middle column shows maps that have been degraded to simulate z ∼ 1 observations with blurring, surface brightness dimming and a sensitivity cut similar to high-z AO observations. The right column shows only the effect of blurring maps to match z ∼ 1 resolution. The FWHM of the blurring corresponds to 1.6 kpc and pixel size 0.8 kpc. The maps are arranged according to measured gas velocity dispersion (σ m (Hα) from Green et al. 2013 ) from highest (top left) to lowest (bottom right). All images are shown in log scale to emphasize the substructure. The color bar shows the units of flux in 10 −18 erg s −1Å−1 cm −1 . Also the galaxy name, total star formation rate, σ/V and optical morphological classification is listed on the far right. A white line is plotted in each panel indicating 1 kpc. The DYNAMO sample shows clumpy structures on the scale of a few hundred parsecs. Clumps become less prominant with decreasing velocity dispersion and decreasing star formation rate. etry, after the HST program was in complete, found that 2 of the targets H10-2 and G13-1 better resemble mergers (see Appendix for a detailed discussion).
The sample spans M star = 1 − 9 × 10 10 M ⊙ , and extinction A(Hα) ∼ 0.2 − 1.7 mag, both similar to samples of high-z turbulent and clumpy disks (e.g. Förster Schreiber et al. 2009; Swinbank et al. 2012) . Overall, galaxies similar to those in DYNAMO-HST are extremely rare in the local Universe, with a space density of ∼ 10 −7 Mpc −3 .
In addition to the sample described above, as a control of our method we also targeted one galaxy (DYNAMO A04-3) that has properties that are more typical of low-z galaxies. This object has a star formation rate of ∼ 3 M ⊙ yr −1 and σ Hα ∼ 10 km s −1 .
Thirteen galaxies were imaged as part of the DYNAMO-HST campaign, but observations of three galaxies did not yield usable data. In one case the target was slightly misaligned (spectrally) on the ramp filter, so significant amounts of emission were not mapped. For two galaxies the flux was simply too faint (due to their large distance), and we were therefore unable to identify any substructures with greater than ∼ 1σ confidence. The final DYNAMO-HST sample therefore consists of the ten galaxies whose properties are summarized in Table 1 . Figure 1 shows global star formation rate versus stellar mass (M star ) for the DYNAMO-HST sample, along with the corresponding data for other published samples of clumpy galaxies. In the present paper, star formation rates were calculated from extinction-corrected Hα line luminosity by assuming star formation rate [ (Hao et al. 2011) . We calculate the intrinsic Hα extinction using the Hα and Hβ line ratios from SDSS spectrum. Open circles in Figure 1 correspond to samples of lensed galaxies. The sample of Livermore et al. (2012) is not shown as stellar masses are not available for their galaxies; however the star formation rate of the Livermore et al. (2012) sample are mostly ∼ 0.1 − 1 M ⊙ yr −1 , with one galaxy ∼ 10 M ⊙ yr −1 . It is evident from Figure 1 that the stellar masses of galaxies in the DYNAMO-HST sample are useful for studies of clump properties of in galaxies with stellar masses in the range ∼ 1 − 5 × 10 10 M ⊙ . Galaxies in this mass range dominated the cosmic star formation rate at z ∼ 1 − 3 (Karim et al. 2011) .
The average half-light radius of Hα emission in DYNAMO-HST is R 1/2 ∼ 2.5 kpc this is similar to what is found in high redshift galaxies (eg Förster Schreiber et al. 2009 ). In Figure 2 we compare the star formation rate surface density of DYNAMO-HST galaxies to the same sample of high-redshift galaxies as in Figure 1 . For all galaxies we calculate the star formation rate surface density using the total, extintion corrected star formation rate and the Hα half-light radius. DYNAMO galaxies have median Σ S FR ≃ 0.3 M ⊙ yr −1 kpc −2 , for the high-z clumpy galaxy sample we study here the median star formation rate surface density is very similar. Galaxies in Swinbank et al. (2012); Wisnioski et al. (2012); Genzel et al. (2011) all have median star formation rate surface densities of 0.06-0.5 M ⊙ yr −1 kpc −2 . We note that in Fig. 2 there is a trend that for z 2.5 the typical star formation rate surface density increases. Those samples which target higher redshift galaxes, Livermore et al. (2015) and Jones et al. (2010) , have median star formation rate surface density of 1.2 and 0.7 M ⊙ yr −1 kpc −2 , respectively. Indeed the results of Figure 1 & 2 suggest that the appropriate redshift range for comparison of DYNAMO disks to high-z galaxies is z ≃ 1 − 2.5.
METHODS
New Observations
Hα flux maps of DYNAMO galaxies were obtained using the Wide Field Camera on the Advanced Camera for Surveys (WFC/ACS) on the Hubble Space Telescope (HST; PID 12977, PI Damjanov). These narrow-band imaging observations were undertaken using the HST ramp filters FR716N and FR782N, which target the Hα emission line with 2% bandwidth. Central wavelengths in our sample range from 700-754 nm. Data were also taken with the associated continuum filter FR647M. Integration times were 45 min in the narrow band filter and 15 min with the continuum filter. All images were reduced using the standard HST pipeline.
Continuum Subtraction & Hα Maps
Our analysis of the clump properties of the DYNAMO-HST sample requires the use of continuum-subtracted maps of Hα+ [NII] . In order to subtract the continuum, we first aligned the emission line (FR716N or FR782N) and continuum (FR647M) maps using the positions of point sources. Adjustments were made iteratively until the point sources were aligned within a few percent of a pixel. We then convolved each galaxy's SDSS spectrum with the filter throughput curves for the medium and narrow band filters, and also convolved each SDSS spectrum with two narrow bandpasses just blue and red of the narrowband filter bandpass. This was done in order to estimate the continuum as closely as possible to the Hα+[NII] emission lines. To avoid contamination by the [SII] doublet, we constructed these bands as follows: First the narrow-band filter throughput was divided into two equal parts so that integrated throughput in each of these is 0.5. Second, these artificial filters were put then on each side of Hα+ [NII] and convolved with the SDSS spectrum. Finally, the flux from artificial filters is summed to give total narrow-band flux coming from the continuum at the position of Hα.
The flux ratio of the medium band filter region to the continuum surrounding Hα+[NII] was determined, and the flux of the FR647M filter was then scaled by this ratio. We assume a single correction for each galaxy. For most targets the single SDSS 3 arcsec fiber covers the extent of the galaxy. However for larger targets (namely C13-1 and A04-3) we make the assumption that the correction in central 3 arcsec is sufficient to describe the entire galaxies. We remind the reader that our targets are selected to not include AGNs. Finally, the scaled FR647M was subtracted from the narrowband filter maps to construct the final map of Hα+ [NII] . The continuum subtracted Hα+[NII] maps for DYNAMO-HST are shown in Figure 3 . Visual inspection of these maps makes it clear that many individual clumps have very bright Hα emission, as do some nuclei. Comparison of the continuum flux of clumps will be the subject of a future paper. 
Identification of clumps
The precise definition of what a massive star forming clump is, and how it should be identified, varies in the literature (eg. Jones et al. 2010; Genzel et al. 2011; Livermore et al. 2012; Guo et al. 2015) . In the present paper we adopt an automated clump identification technique whose purpose is to isolate clumps in a manner similar to the way they have been isolated in high-z Hα maps of clump galaxies (eg. Genzel et al. 2011 ). Our procedure is a variation of the clump identification strategy employed by Guo et al. (2015) , with some minor changes that find their origin in the fact that our observational parameters are not identical to theirs (e.g. our resolution is higher, and our data target Hα emission rather than UV emission from young stars Guo et al. 2015) The fist step in our procedure was to use an unsharp masking technique to identify emission peaks that are brighter by a factor of at least three compared to the emission in smoothed maps of the same galaxy. Each fullresolution image was divided by a blurred image constructed by convolving the original image with a 1 arcsec Gaussian beam (∼ 10× the beam width of HST). A simple cut was then used to identify the locations of all independent peaks that meet our signal enhancement threshold. For identification purposes we did not place any restrictions on the sizes of the clumps, since our goal is to measure these sizes. Our methodology passes the simplest sanity check of having the brightest set of peaks in the Hα emission maps always corresponding to clumps.
In the sample of DYNAMO-HST galaxies we detected 113 Hα peaks whose fluxes were greater than 3× that of the surrounding area. This corresponds to roughly 11 clumps per galaxy, which is slightly higher than the number of clumps per galaxy reported by Livermore et al. (2012) , who found ∼ 7 clumps in each of their lensed galaxies with similar resolution in the direction of maximum magnification to that of our measurements. For comparison we blurred an archival HST/WFC map of Hα+ [NII] emission from the nearby galaxy M51 to match the physical resolution of a DYNAMO-HST observation. We then carried out the same clump identification procedure and found 67 emission peaks.
Measurement of Clump properties
To estimate the sizes of star forming clumps, we fitted elliptical Gaussian functions to the 2-D brightness distributions surrounding each peak in the Hα+ [NII] map. This method has been use to estimate the sizes of Hii regions for many years (e.g. Kennicutt (1979) ). The reader is referred to Wisnioski et al. (2012) for a detailed discussion of how this method can best be used to estimate the sizes of massive star forming clumps, and to a comparison of the sizes estimated using this technique to sizes determined using isophotal radii. Figure 4 shows an example radial light profile of a clump from DYNAMO galaxy D13-5. Before fitting the Gaussian, we subtracted the surrounding emission, and this baseline flux was determined iteratively. The initial starting point for this procedure was determined by visual estimation, and this background value was then subtracted from the entire galaxy. For each clump measurement, flux from surrounding clumps was masked, and an initial 2-D Gaussian fit was produced. The baseline background was then re-determined using a region R > 4 × r clump , where r clump is the half-width of the major axis of the fitted ellipse. The fit was then recomputed iteratively until the fit parameters converged.
The radius of each clump was defined to be the geometric mean of the standard deviations of the major and minor axes (a & b respectively) of the 2-D Gaussian function, i.e. d core = 2 × √ a × b. For most clumps this diameter is almost identical to the value returned from a 1-D Gaussian fit to the brightness profile of the clump. However, in cases of very non-circular clumps the size definition chosen always contains the same fraction of the flux, independently from the clump ellipticity. The resolution of each map was measured using ten point sources in the map surrounding each galaxy. We chose to measure this empirically to account for any blurring that was induced by the continuum subtraction. The median beam size of our maps is 0.088 arcsec, which is 160 pc at z = 0.1. The final clump sizes quoted in this paper have had this beam size subtracted in quadrature from the clump sizes determined from the Hα+[NII] maps.
Clump fluxes were calculated by integrating the light in the Hα+[NII] map through an elliptical aperture that is 3× the size of the core diameter of the fitted ellipse. In the event that a nearby clump overlapped with this region, we masked the nearby clump to calculate the clump properties. For the flux calculation of clumps with masked regions we then interpolate the flux in the missing region using the radial profile. This affects the clump flux at the 10-20% level. Measured fluxes were then adjusted for extinction, [NII] contribution (determined from SDSS spectra), and distance. The redshift, extinction correction and [NII] correction are each given in Table 1 . As mentioned previously, star formation rates were calculated from extinction-corrected Hα line luminosity by assuming SFR [ (Hao et al. 2011) .
Finally, because the properties of central clumps in a galaxy are likely affected by different physical mechanisms (eg. gas in flow to center of galaxy potential), for the analyses in the present paper we have omitted clumps that were coin-cident with the galaxy centers determined from the starlight (FR647M) maps. Properties of individual clumps in DY-NAMO galaxies are given in Table 2 .
3.5 Degrading DYNAMO maps to simulate z ∼ 1 − 2 observations
To create a straightforward comparison of the sub-galactic properties of star forming regions we convolve the DY-NAMO maps with a Gaussian whose width is set to match the physical resolution of AO enabled IFU observations on z ∼ 2 galaxies. Observations of rest frame Hα using AO enabled instruments typically obtain ∼0.1-0.3 arcsec resolution (eg. Genzel et al. 2011; Wisnioski et al. 2012) . Across the redshift range z ∼ 1 − 2 a median FWHM ∼ 0.2 arcsec corresponds to ∼2 kpc (or a Gaussian standard deviation of ∼800 pc). Note that due to cosmological effects the difference in spatial resolution from z=1.0 to z=2.5 is only 5%. The typical resolution of our DYNAMO-HST Hα+[NII] maps is much smaller than this. In the subsequent analysis we will use these blurred DYNAMO maps for comparison to high-z AO samples. We will also use these blurred maps to study how degrading resolution affects measured clump properties. We also simulate the effects due to decreased sensitivity of high redhsift observations. The includes both the (1 + z) 4 surface brightness dimming and the decreased sensitivity of AO observations of high-z Hα observations. We apply sensitivity cut that is chosen to match the median sensitivity of the Hα maps in SINS survey, 5 × 10 39 erg s −1 kpc −2 . We fit clump properties both with and with-out the surface brightness effects, and we find that clumps in maps with the (1 + z) 4 cosmological surface brightness dimming to z = 1 and sensitivity cut have measured core diameters that are the same within 10% of the blurred core diameter. Calvi et al. (2014) find a similar result. Because clumps are such high surface brightness features they are less effected by redshift dimming. The largest impact is in the ability to detect the clump, we will discuss this in detail later.
Throughout the paper, if a clump is detected in the blurred and dimmed maps then we will use the values from that map. If the clump is only detected in the "blurred only" maps and not in the dimmed map, we will use the blurred only value. This is justified since we find that surface brightness effects have on average no effect on clump sizes, and thus by including these we can study blurring effects with better statistics. Clumps detected in "blurred only" and "blurred + dimmed" maps will be denoted with seperate symbols.
Note that clumps are identified independently each in the blurred DYNAMO maps (Fig. 3 right column) and the full resolution maps (Fig. 3 left column) . We do not use the same clump identifications for each. This is done so that we can study, later in this paper, the effect of resolution on clump identification. 
COMPARISON TO HIGH REDSHIFT MAIN-SEQUENCE GALAXIES AND LOCAL ANALOGUES
4.1 Comparing DYNAMO galaxies to common definitions of "clumpy" galaxies
The DYNAMO clumps have Hα luminosities as bright as ∼ 10 42 erg s −1 , corresponding to ∼ 5 − 10 M ⊙ yr −1 . The median DYNAMO clump has L clump (Hα) ∼ 7.5 × 10 40 erg s −1 , or ∼0.5 M ⊙ yr −1 . To put this in context, the entire Hα luminosity of M 51 (∼ 2 × 10 41 erg s −1 ), a nearby star-forming disk, may be fainter than a single, bright Hα clump in a DY-NAMO galaxy. In the full resolution maps of the DYNAMO-HST galaxies the median clump size for all clumps is d core ∼ 330 pc. Only one clump in the entire sample measures a d core < 1 kpc. Guo et al. (2015) show, using the CANDELS sample, that defining clumpy galaxies as those in which at least one off-center clump is greater than 8% of the light is able to distinguish high-z star forming main sequence galaxies from nearby spirals. An important caveat is that this definition is based on UV light from young stars; in this work we have observed DYNAMO galaxies in Hα emission from star forming regions. In the DYNAMO-HST sample 8 out of 10 galaxies satisfy the CANDELS definition of clumpy galaxies. The 2 galaxies that do not satisfy the "clumpy" definition are C 13-1 and A 04-3; these galaxies have the lowest gas velocity dispersions of all galaxies in our sample (σ Hα ∼29 & 10 km s −1 respectively). They also both have the lowest specific star formation rates in the sample, and therefore are likely to have the lowest gas fractions. Consistent with a basic premise that clumpy star formation is driven by turbulent gas with high gas fractions, those DYNAMO disk galaxies with large gas velocities dispersions (σ Hα > 40 km s −1 ) and Figure 6 . The clump-to-total luminosity ratio of the brightest clump in each galaxy is plotted against both the ratio of σ/V and the specific star formation rate for DYNAMO galaxies. The solid red squares represent clumps from the full resolution DYNAMO maps, and the pink crosses represent the same measurement for the DYNAMO maps that have been blurred to match z ∼ 2 resolution. The horizontal line represents 8% of the total luminosity. The vertical lines are set to roughly match the point at which the high resolution DYNAMO maps intersect with 8% line. There is a positive correlation between both the ratio of velocity dispersion to rotation velocity and the specific star formation rate.
high specific star formation rates (SFR/M * > 3 × 10 10 yr −1 ) are found to be "clumpy" galaxies.
In Fig. 3 we compare the properties of clumps in the blurred DYNAMO maps to those published in z ∼ 1 − 3 galaxies. In Fig. 5 the 'high-z unlensed' sample refers to the three studies of clump properties in non-lensed galaxies discussed above (Genzel et al. 2011; Wisnioski et al. 2012; Swinbank et al. 2012 ).
We identify a number of clumps that are comparable in L clump /L total to those observed in the high-z Universe. Indeed the distribution of normalized clump fluxes in DYNAMO galaxies, after applying the sensitivity cut, is very similar those observed in high-z galaxies. In Fig. 5 we show that the distribution of sizes of DYNAMO clumps (grey shaded region) in blurred images closely matches that of the high-z unlensed galaxies. We will return to the effects of resolution on clump sizes.
The black lines in Fig. 5 represent the distributions of clump properties that derive from maps in which the sensitivity cut is applied. The average flux ratio (< L clump /L total >) for clumps in the high-z unlensed sample is 16%. The average flux ratio for the sample of DYNAMO-HST clumps that have been blurred and pass the SINS sensitivity cut is almost exactly the same, 17%. A significant minority (6/24) of clumps in the high-z unlensed sample have L clump /L total > 0.25, this is similar to the clumps in the blurred DYNAMO-HST sample that have passed the sensitivity cut (4/22). After this sensitivity cut the 2 DYNAMO galaxies, C13-1 and A04-3 do not have observable clumps.
In the right panel of Fig. 5 we show the distribution of clump sizes in the blurred DYNAMO-HST maps and also the clump sizes in high-z unlensed galaxies. Blurred DY-NAMO clumps clearly span a similar range and have similar distribution as clumps in high-z galaxies.
In Fig. 6 we show how the clumpiness of DYNAMO galaxies is related to both the ratio of Hα velocity dispersion to rotation velocity (σ/V) and the specific star formation rate. Here we trace "clumpiness" with the clump-to-total luminosity ratio of the brightest clump in each galaxy, to preserve the concept in the CANDELS definition of a "clumpy" galaxy. The pink x's mark the values for the blurred DY-NAMO clumps, and are thus the most appropriate to compare with high redshift studies. In We find a positive correlation between the clump-to-total flux ratio of the brightest clump and both the specific star formation rate (SFR/M * ) and σ/V. Shibuya et al. (2015) show that the fraction of clumpy galaxies increases with increasing specific star formation rate. Their result is very similar to the right panel of Fig. 6 , showing again that DYNAMO galaxies are behaving similarly to z ∼ 1 − 2 main-sequence galaxies.
In the following sections when we use the term"clumpy" galaxies from the DYNAMO-HST sample, we will mean those that have clumps that would be detected in the degraded maps, with the median sensitivity level in the SINS survey, and also meet the criteria described in Guo et al. (2015) for the CANDELS survey. To be explicit those DY-NAMO galaxies are D13-5, D15-3, G04-1, G08-5, G13-1, G14-1, G20-2, and H10-2. Those galaxies that do not satisfy this definition are A04-3 and C13-1.
The size-luminosity correlation of Hα clumps
For those DYNAMO galaxies that satisfy the definition of "clumpy", the median core diameter of clumps when measured at the full resolution is ∼450 pc. The majority (67%) of clumps have core diameters that range from 200-650 pc in size. Fewer than 10% of clumps in our sample have clumps Figure 7 . Comparison of position in size-luminosity diagram of DYNAMO clumps to clumps in high redshift galaxies. The left panel shows those samples in which the resolution is of order ∼ 100 pc, including lensed galaxies, full resolution DYNAMO-HST galaxies, and a sample of nearby Lyman Break Analogues. The diagonal lines indicate lines of constant surface brightness that are set to match the median DYNAMO clump (solid line) and then a factor of 1/10 (long dashes) and 1/100 (short dashes) lower surface brightness than the DYNAMO median. The right panel shows those samples of high-z galaxies in which the spatial resolution is of order ∼ 1kpc. In this panel we also show the clump properties measured on the blurred Hα maps of DYNAMO, with resolution of ∼ 800 pc, as they would if observed with HST at z ∼ 2. Symbol colors and shapes are as described in the key. Clumps in DYNAMO galaxies are as bright as many of the clumps in the unlensed samples of high-z galaxies. DYNAMO clumps are brighter than many of the clumps in lensed galaxies, however are similar sizes.
that are larger than d core > 800 pc, and only 2 out of 79 clumps in clumpy DYNAMO galaxies are larger than 1 kpc.
In Fig. 7 we compare the properties of DYNAMO clumps to those in z ∼ 1.0 − 2.5 galaxies. The size of DY-NAMO clumps, when viewed at full resolution, are very similar to those measured in lensed galaxies, which have similar resolution due to magnification, ∼ 100 − 200 pc. DY-NAMO clumps tend to be brighter, than those clumps in the Livermore et al. (2012 Livermore et al. ( , 2015 samples. Therefore DY-NAMO clumps, on average, have higher star formation rate surface density than the clumps typically observed in lensed galaxies.
The star formation rate surface density of clumps in DYNAMO galaxies is mostly contained within Σ S FR ∼ 1 − 10 M ⊙ yr −1 kpc −2 . The median star formation rate surface density of DYNAMO clumps (excluding star forming regions in C13-1 and A04-3) is ∼ 2.3 M ⊙ yr −1 kpc −2 . If we combine the samples of lensed galaxies from Jones et al. (2010) , Livermore et al. (2012) and Livermore et al. (2015) the median star formation rate surface density of star forming regions is Σ S FR (lens) ∼ 0.5 M ⊙ yr −1 kpc −2 , close to an order of magnitude lower than in clumpy DYNAMO galaxies. This is largely due to the samples of Livermore et al. (2012 Livermore et al. ( , 2015 , which target galaxies with lower total star formation rate. The median star formation rate surface density of clumps in the Jones et al. (2010) sample is ∼ 2 M ⊙ yr −1 kpc −2 , similar to the DYNAMO sample.
In summary, Fig. 7 shows that the clumps in DYNAMO galaxies are consistent in size and luminosity with those of high-redshift galaxies, as well as clumps other galaxies that are considered analogues of high redshift galaxies (LBAs).
SYSTEMATIC EFFECT OF CLUMP CLUSTERING ON BLURRED DYNAMO Hα CLUMPS
In Fig. 8 we illustrate how the effect of degrading resolution is not simply to blur the properties of a single clump. In this figure arrows indicate a complex of 3 clumps, which when viewed at z ∼ 2 resolution appears as one clump. At z ∼ 0.1 resolution, the three clumps have an average core diameter of 600 pc, each being separated by ∼ 400 pc, when blurred together the complex has a core diameter of ∼2 kpc. This behavior is common in the maps, and also has the effect of the blurred DYNAMO maps having significantly fewer clumps. Both blurring and reduced sensitivity decrease the number of clumps. In all of the clumpy DYNAMO galaxies we detect 90 clumps at full resolution (including central clumps and excluding A 04-3 & C 13-1), roughly 11 clumps per galaxy. In the blurred maps of the same set of galaxies we detect only 35 clumps, fewer than 5 clumps per galaxy. Resolution effects alone account for a decrease in the number of clumps by a factor of ∼ 2 − 3. When we account for the (1 + z) 4 cosmological dimming and reduced sensitivity for restframe Hα surveys of z ∼ 1 − 3 galaxies that use near-IR spectroscopy the affect on clump numbers decreases to ∼ 1−4 per galaxy. This smaller rate of clumps in the blurred maps with a high-z mimicking sensitivity degredation is comparable to the amount of clumps detected in high-z surveys of unlensed galaxies (Genzel et al. 2011; Wisnioski et al. 2012; Swinbank et al. 2012) .
When a blurred clump is associated with multiple clumps in the full resolution map we use the average of the associated clump properties for comparison. There is very little difference if we choose the maximum clump size or the average clump size.
In Fig. 9 we compare the difference in d core from blurredto-full resolution to the number of full resolution clumps corresponding to each blurred clump. When blurred clumps correspond to a single clump the difference reflects, on average, the difference between the resolution elements. As the number of corresponding full resolution clumps increases as does the affect on the measured size of the blurred clump. Blurred clumps with very large sizes (d core 2 kpc) are associated with multiple clumps at full resolution in all cases.
The star formation rate of individual blurred clumps are on average higher than associated full resolution clumps by 2-3× (Fig. 10) , and in some cases the star formation rate can be increased as much as ∼ 6× the star formation rate of the average full resolution clump. The increase in star formation rate is larger for blurred clumps that are associated with more than one clump. These are plausible results, since the blurred clump luminosity should be very close the sum of the full resolution clumps, ie for a blurred clump
The largest enhancements to the blurred clump star formation rate occur in those clumps located in rings, again where clumps are more crowded and emission from the ring can also be included in the blurred measurement.
For blurred DYNAMO clumps the surface brightness can be as much as 20× fainter than when measured on the Figure 10 . Here we show how degrading images to match z ∼ 2 conditions affects the physical properties of individual clumps. The grey squares indicate blurred clumps which correspond to a single high resolution clump. Red squares indicate blurred clumps that correspond to more than one clump in the high resolution map (as illustrated in Fig. 8 ). The lines indicate scale factor differences between the two quantities. In the left panel we show the impact of clump clustering on the derived SFR of blurred clumps in the DYNAMO sample. When blurred clumps correspond to more than one clump in the full resolution map and/or when blurred clumps reside in rings the impact of lower resolution on luminosity is more severe. In the right panel we show how blurring of clumps affects the measured SFR surface density of clumps. The SFR surface density of blurred clumps ranges from 1/2 to 1/20 the surface brightness of clumps at full resolution.
full resolution maps (right panel of Fig. 10 ). The typical effect on Σ S FR is to decrease the surface brightness by roughly a factor of 6× the average surface brightness of corresponding clumps in the full resolution map.
In short our data suggests the clustered nature of clumps appears to exacerbate the effects of resolution degradation on clump measurements in blurred DYNAMO maps. Clump clustering enhances the measured size of clumps significantly more than simply the blurring due to the larger physical size of the beam.
THE STAR FORMATION RATE SURFACE DENSITY OF GIANT CLUMPS COMPARED TO STAR FORMING REGIONS IN NEARBY GALAXIES
In massive nearby disk galaxies the star formation rate surface density ranges between 10 −4 − 10 −1 M ⊙ yr −1 kpc −2 (e.g. Bigiel et al. 2008; Leroy et al. 2008; Rahman et al. 2012) . At z ∼ 0 very high star formation rate surface densities are only found in extreme environments such as advanced stage mergers (Sanders & Mirabel 1996) or disk galaxy centers with high stellar surface densities (Fisher et al. 2013 ). However we report that the star formation rate surface density of DYNAMO clumps in the main body of a set of rotating, exponential disks that is an order of magnitude higher than what is typical of star forming regions in disk galaxies. This is consistent with the star formation rate surface density of clumps in lensed galaxies (Livermore et al. 2012 ). In Fig. 11 we show that there is very little overlap between the star formation rate surface density of clumps and that of star forming regions in nearby spirals.
The vertical line in the left panel of Fig. 11 represents an Hα clump that is 8% of the total light of the galaxy. There is a strong correlation with the surface density of the star forming regions and the clumpiness of the galaxy. Combining the sample of clumpy DYNAMO galaxies and LBA galaxies we find that in the same sample only 7 of 103 clumps have Σ S FR < 0.5 M ⊙ yr −1 kpc −2 . Conversely in the sample of more modestly star forming spiral galaxies (M 83, M 51, C 13-1 and A 04-3) we find that no star forming region in these galaxies is brighter than L clump /L total > 8%, and only 5 out of 101 clumps have Σ S FR > 0.5 M ⊙ yr −1 kpc −2 . Using a dividing line of Σ S FR = 0.5 M ⊙ yr −1 kpc −2 to identify giant clumps is therefore accurate to 95%.
In the right panel of Fig. 11 we also compare the clump size (d core ) to the star formation rate surface density. DY-NAMO clumps are not systematically smaller than star forming regions in nearby disks. In fact the opposite is true, DYNAMO clumps on average are larger, with significant overlap.
Similar to local disks we also measure clump properties in The Antenna advanced stage merger system. None of the clumps in the Antennae are larger than the 8% luminosity threshold set by the nearby disks, nonetheless the Antennae system has high Σ S FR (median 0.6 M ⊙ yr −1 kpc −2 ). The distribution of Σ S FR in the Antennae system bridges the divide between local spirals and turbulent disks. The Fig. 7 . In our data set the star formation rate surface density provides a single paramter that can clearly distinguish clumps in galaxies like DYNAMO and LBA systems, to those in more typical z ∼ 0 galaxies like A04-3, M 51 and M 83.
average core diameter of Antennae clumps is 400 pc, similar size to those in DYNAMO galaxies. The clumps in DY-NAMO mergers are somewhat larger than in clumpy disks, in DYNAMO mergers < d core >∼ 0.6 kpc, compared to 0.4 kpc for clumps in clumpy disks. There is, however, almost no difference in the typical clump star formation rate surface density in DYNAMO mergers compared to those in disks < Σ S FR >∼ 2.5 M ⊙ yr −1 kpc −2 in DYNAMO mergers, compared to 2.9 M ⊙ yr −1 kpc −2 in clumpy DYNAMO disks. We do not find any significant difference in the relationship between the size and luminosity of clumps in DYNAMO mergers vs those in clumpy disks.
In short, it appears that Σ S FR may provide a simple, single parameter that can distinguish the star formation in massive star forming clumps from that of star forming regions more commonly found in z ∼ 0 disk galaxies. Combining Σ S FR with the maximum clump-to-total flux ratio further seperates all systems that are more typical of the low redshift Universe (Antenna, M83, and M51) from those that are interpretted as being more similar to galaxies of the high-z Universe (DYNAMO and LBAs).
SUMMARY & DISCUSSION OF RESULTS
We have analyzed the properties of Hα emitting regions in a sample of galaxies that are very well matched in properties to z ∼ 1 main sequence galaxies.
Similarity of DYNAMO to high-z clumpy galaxies
When blurred to match the resolution of a galaxy at z ∼ 2 DYNAMO galaxies appear indistinguishable from galaxies observed in high redshift surveys (eg. Genzel et al. 2011; Wisnioski et al. 2012; Swinbank et al. 2012) . In blurred maps, 8 of 10 DYNAMO galaxies satisfy the criteria from Guo et al. (2015) for a "clumpy" galaxy (that being at least one clump contains 8% of the light, and is not co-located with the galaxy center). Clumps in these blurred DYNAMO maps have a similar distribution of both size and luminosity relative to the host galaxy to those in z ∼ 1 − 2 galaxies (Fig. 5) . We therefore conclude that DYNAMO galaxies are indeed "clumpy" galaxies. We find that DYNAMO galaxies with increasing σ/V and specific star formation rate contain clumps that are a larger fraction of the total Hα luminosity of the galaxy.
This result is consistent with results from Green et al. (2013) and Fisher et al. (2014) that DYNAMO galaxies have rotating kinematics with high internal velocity dispersions (σ Hα ∼ 30 − 60 km s −1 ), and are rich in molecular gas ( f gas ∼ 30%). Recently Obreschkow et al. (2015) show that DYNAMO disk galaxies are significantly lower angular momentum systems than more typical z ∼ 0 disks, which they argue corresponds to the expectation for similar mass galaxies at z ∼ 2. Thus it appears that in many critical ways DY-NAMO galaxies are very similar to z ∼ 1 − 2 main-sequence disk galaxies. A straightforward interpretation of these re-sults is that if galaxy is extremely gas rich disk and that gas is turbulent, then independent of the galaxy's redshift the internal physics of gas and subsequent star formation remains very similar.
Effect of clump clustering on clump
properties measured at ∼ 1 kpc resolution
When studied at 100 pc resolution, the sizes of DYNAMO clumps are similar to those in lensed galaxies (Jones et al. 2010; Livermore et al. 2012 Livermore et al. , 2015 as well as star forming regions in LBAs ( Fig. 7 and Overzier et al. 2009 ). In all studies to date of gas rich and/or turbulent disk galaxies that have resolution below ∼200 pc the size of clumps is found to be a few hundred parsecs. We find, using blurred DYNAMO maps, that the combination of the both poorer resolution and the spatial distribution of clumps in the galaxy exacerbates the effect on the properties of clumps when viewed with FWHM∼ 1 − 2 kpc. As we illustrate in Fig. 8 clumps that are clustered together in high resolution DYNAMO HST Hα maps appear as a single much larger clump in maps that have been blurred to match z ∼ 2 resolution.
In the DYNAMO sample clump clustering affects the basic properties of clumps in systematic ways. The systematic affects on clump properties are shown in Figs. 9, and 10.
• Size of clumps is increased more than simply the size of the beam. We find that excessively large clumps (d core ∼ 2 − 3 kpc) in blurred DYNAMO maps correspond to larger numbers of DYNAMO clumps in the nominal z ∼ 0.1 resolution maps.
• Number of clumps are significantly reduced: When multiple clumps are clustered together in a higher resolution map and then imaged at lower resolution those clumps are counted as a single clump. Clump cluster systematically acts to reduce measured number of clumps from ∼ 7 − 12 clumps per galaxy to ∼ 1 − 3 clumps per galaxy at the lower (FWHM ∼ 1 − 2 kpc) resolution.
• Clump clustering increases star formation rate: On average the increase in star formation rate due to resolution is found to be a factor of a few. Some studies assume that resolution generates an order of magnitude difference in the baryonic mass (e.g. Tamburello et al. 2015) . These studies cite the difference in clump masses in measured lensed galaxies from those in unlensed galaxies as evidence for this decrease. However the total mass or star formation rate of the targeted galaxy must be considered. As we show in Fig. 1 , lensed samples on average target lower mass and lower star formation rate galaxies compared to both DYNAMO and samples of unlensed high-z clumpy galaxies. If we assume that the mass of the clump is mainly gas and that the gas mass scales with the star formation rate, then our results suggest such a large difference is possible but not the rule. This result is consistent with a straightforward logic: if a few clumps are clustered together the blurred clump will be the sum of the flux from the clumps plus any lower emission flux that surrounds them. Since the clumps are by definition brighter than the surrounding region, the increase in flux will be L blur / < L resolved >∼ N clumps . It is very unlikely that this effect could lead to an order of magnitude increase in flux or thus mass of blurred clumps.
We find that clumps located in rings are most affected by the loss in resolution, creating a typical increase in blurred clump star formation rate of ∼ 5× that of the unblurred clumps. This is likely because both clumps are clustered more in rings, and the Hα emission in the ring likely is combined into the blurred clump flux.
• Clump star formation rate surface density is strongly affected by resolution The larger sizes of blurred clumps creates systematically lower star formation rate surface densities by as much as an order of magnitude, and also significantly fewer numbers of clumps per galaxy (Fig. 10) . The star formation rate surface density of full resolution clump measurements ranges 2-20×, and is typically a factor of 6× that of the blurred clump. If we consider the implication of this on the results of high-redshift galaxies, where impressivelly high star formation rate surface densities for clumps of 1-10 M ⊙ yr −1 kpc −2 are reported with a beam FWHM∼ 1.5 − 2 kpc (Genzel et al. 2011) , an average factor of 6× increase to these star formation rate surface densities the properties are even more extreme. Meurer et al. (1997) find that the star burst intensity of UV bright galaxies is limited, as indicated by the absence of galaxies with greater than Σ S FR (limit) ∼ 25 M ⊙ yr −1 kpc −2 . The implication of such a limit is that some physical mechanism exists which regulates the star formation, and this mechanism is Universal. The derived Σ S FR of clumps in the samples with study is consistent with this limit (Genzel et al. 2011) . However, if these measured Σ S FR are artificially low due to resolution effects, then clumps in z ∼ 1− 2 main-sequence galaxies may violate this limit, similar to the handful of super-intense starburst in observed in extreme galaxies (e.g. Swinbank et al. 2010; Hodge et al. 2015) .
Star formation rate surface density of clumps in turbulent disks
We show in Fig. 11 that the star formation rate surface density of DYNAMO clumps is Σ S FR ∼ 1 − 10 M ⊙ yr −1 kpc −2 . This is orders of magnitude higher than what is found in the star forming regions of nearby spiral galaxies (e.g. Bigiel et al. 2008; Leroy et al. 2008; Rahman et al. 2012 ). In the local Universe the only other place to find such high star formation rate surface densities are shocks in galaxy-galaxy mergers (Wei et al. 2012; Zaragoza-Cardiel et al. 2014) or galaxy centers (Fisher et al. 2013 ).
In Fig. 11 we show that the star formation rate surface density offers a simple, physically motivated method to distinguish massive star forming clumps, characteristic of star formation in massive z ∼ 1 − 2 disk galaxies, from star formation that is more typical of low gas fraction disks of the nearby Universe. The dividing line of Σ S FR ∼ 0.5 M ⊙ yr −1 kpc −2 is shown to be a good way to distinguish massive star forming clumps from more typical star forming regions of z ∼ 0 spiral galaxies.
Following arguments from the Larson (1981) relations (Elmegreen 1989 , also see arguements in) the pressure increases in molecular clouds as the square of the surface density of the molecular gas, P ext ∝ Σ 2 mol . Clumps in DY-NAMO galaxies are shown to have Σ S FR that are ∼ 500× that of star forming regions in nearby spirals. It is likely that the gas mass surface density is similarly high in clumps. We convert the star formation rate surface density to gas mass surface density using the global scaling for DYNAMO disks in Fisher et al. (2014) of find M mol /S FR ∼ 5 × 10 8 yr. The pressure in the massive star forming clumps in a DYNAMO galaxy is therefore 10 4 × that found in star forming regions of nearby spirals. These high pressures are only observed in the most extreme clouds in the center of the Milky Way (Rathborne et al. 2014) , and high-z galaxies (Swinbank et al. , 2015 . It remains unclear if the conditions in these environments are consistent with models of star formation (eg. Krumholz & McKee 2005) . These systems therefore warrant more work with facilities such as ALMA to accurately describe the star formation efficiency, and ratios of dense gas gas inside the star forming regions, and also to understand what drives the turbulent gas that creates these clumps.
In this work we have again shown that the DYNAMO sample is an excellent laboratory to study the conditions of galaxies at z ∼ 1 − 3, with which they are consistent. In future work we will compare expectations from the violent disk instability model to the clump properties of DYNAMO galaxies (Fisher et al. in prep) , investigate systematic correlations fo DYNAMO dust and gas properties in galaxies (Bassett et al. submitted, White et al. in prep) , and study the properties of clumps in stellar continuum (Fisher et al. in prep) . The DYNAMO-HST data set occupies a unique section of parameter space. The FWHM of DYNAMO-HST Hα+ [NII] maps is ∼ 0.07 − 0.12 arcsec, corresponding to a physical resolution of ∼ 150 − 300 pc. The physical resolution from observing DYNAMO galaxies is roughly from ∼ 3 − 10× finer compared to AO-enabled or HST observations of high-z galaxies, similar to what is achieved from lens galaxies, however unlike lensed galaxies in DYNAMO the improvement in resolution is in both directions. As we show in Fig. 1 the SFR and stellar mass of DYNAMO galaxies is typically ∼ 10× that of typical lensed galaxies with clump measurements. The
We convolved the Hα maps of M 83, M 51 and Arp 244 with a symmetric 2-D Gaussian to simulate the resolution they would have if these well known, nearby galaxies were observed with ACS/WFC resolution at z = 0.1. Figure B1 . Surface brightness profiles of 6500Ålight for galaxies in the DYNAMO-HST sample. The galaxies are ordered the same as in Fig. 3 . Each surface brightness profile is normalized by the central surface brightness of the galaxy. When appropriate an exponential disk model that has been fit to the data is also shown, represented by a dashed line. The majority of DYNAMO-HST galaxies are consistent both with rotating kinematics and, as shown here, an exponential surface photometry of star light. Therefore multiple lines of evidence suggest that a disk model is appropriate for these galaxies.
